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detector, and electrically connected to only the temperature
detector on a downstream side of the first branch, and a third
conductor branching 1n a direction not directed to the second
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CONTROL BOARD FOR POWER
CONVERSION DEVICE

BACKGROUND

The present disclosure relates to a control board for a
power conversion device.

There 1s a known 1gnition device for internal combustion
engines 1n which a chip of a switch IC (Integrated Circuit)
including a temperature sensor and a chip of a control circuit
IC are formed separately from each other and the switch IC
1s connected to the control circuit IC via a bonding wire (see
TP-A-2006-299988, for example). In the 1gnition device for
internal combustion engines, the control circuit IC 1s
mounted on the GND terminal via a conductive material.

SUMMARY

By the way, a temperature detection portion may be
provided on the board to detect the temperature of a switch-
ing c¢lement. The board may be provided with other circuit
portions requiring the ground, such as a driving portion or an
overcurrent detection portion, 1n addition to the temperature
detection portion. In such a case, depending on an aspect of
an electric connection between the temperature detection
portion and other circuit portions and the ground, the detec-
tion accuracy of the temperature detection portion may be
degraded by fluctuations (deviation from 0 V) of the ground
potential caused by the operation of other circuit portions.

An exemplary aspect of the disclosure provides a control
board for a power conversion device that can reduce deg-
radation 1n the detection accuracy of the temperature detec-
tion portion.

According to an exemplary aspect of the disclosure, there
1s provided a control board for a power conversion device,
the control board 1ncluding: a board body; a power source
generator provided on the board body, the power source
generator having a ground terminal; a temperature detector
provided on the board body, the temperature detector detect-
ing a temperature ol a switching element of the power
conversion device; a drive provided on the board body, the
drive generating a driving signal driving the switching
clement; and a ground potential provided on the board body,
wherein the ground potential includes a first conductor
extending from the ground terminal of the power source
generator to a first branch, a second conductor branching at
the first branch, extending to the temperature detector, and
clectrically connected to only the temperature detector on a
downstream side of the first branch, and a third conductor
branching 1n a direction not directed to the second conductor
at the first branch and extending to the drive.

According to the disclosure, a control board for a power
conversion device that can reduce degradation 1n the detec-
tion accuracy of the temperature detector can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary aspects of the disclosure will be
described with reference to the drawings, wherein:

FI1G. 1 1llustrates an example of an electric circuit includ-
ing an inverter.

FIG. 2 1s a mounting diagram illustrating a control board
for the inverter in the example.

FI1G. 3 1llustrates a ground potential portion of the control
board in the example.

FIG. 4 schematically illustrates the ground potential por-
tion of the control board in a comparative example.
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2

FIG. 5 1s a cross sectional view schematically 1llustrating
an example of the relationship between a power module and
the board body 1n a mounting state.

FIG. 6 schematically illustrates a ground potential portion
of the control board 1n another example.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates an example of the electric circuit 1
including the inverter 4 1n an example. The electric circuit 1
1s used to, for example, drive a motor.

The electric circuit 1 includes a battery 2, the inverter (an
example of a power conversion device) 4, and a smoothing
capacitor C1. A motor 5 1s connected to the inverter 4. The

motor 5 may be a travelling motor used 1n a hybrid vehicle
or electric vehicle.

The mverter 4 1includes a plurality of switching elements
Q1 to Q6. The switching elements Q1 to Q6 are IGBTs
(Insulated Gate Bipolar Transistor). However, other switch-
ing elements such as MOSFETs (Metal Oxide Semiconduc-
tor Field-Eflect Transistor) may be used instead of IGBTs.
The mverter 4 may have freewheel diodes D1 to D6 1n
parallel to the switching elements Q1 to Q6, respectively.

FIG. 2 1s a mounting diagram illustrating the control
board 400-1 for the inverter 4 i the example. FIG. 3
illustrates the ground potential portion 430-1 of the control
board 400-1 1n the example and a cross sectional view
schematically illustrating internal layers of the control board
400-1. The positions of components 1n FIG. 3 are slightly
different from those 1n the mounting diagram of the control
board 400-1 1llustrated 1n FIG. 2, but the difference 1s not
essential.

The control board 400-1 includes the board body 410-1,
a power source generation portion 421 (power source gen-
erator), a temperature detection portion 422 (temperature
detector), a driving portion 424 (drive), an overcurrent
detection portion 426, and the ground potential portion
430-1 (ground potential).

The board body 410-1 1s a multilayer board. The board
body 410-1 includes, for example, two or more internal
layers.

The power source generation portion 421 1s provided on
the board body 410-1. The power source generation portion
421 generates a power source required for the operation of
the temperature detection portion 422, the driving portion
424, the overcurrent detection portion 426, and the like. The
power source generation portion 421 includes a ground
terminal GND. The power source generation portion 421
may be formed as a chip as illustrated 1n FIG. 2. The power
source generation portion 421 may include a capacitor C2 as
illustrated i FIG. 3.

The temperature detection portion 422 1s provided on the
board body 410-1. The temperature detection portion 422
detects the temperatures of the switching elements Q1 to Q6
of the inverter 4. The temperature detection portion 422
includes a plurality of polysilicon diodes connected, for
example, 1n series. In this case, the temperature detection
portion 422 detects the temperatures of the switching ele-
ment Q1 and the like using the fact that the forward direction
voltage of polysilicon diodes fluctuates depending on the
temperatures of the switching element Q1 and the like.

The drniving portion 424 1s provided on the board body
410-1. The drniving portion 424 generates driving signals
(gate signals) for driving the switching elements Q1 to Q6.
The method for driving the switching elements Q1 to Q6 1s
arbitrary.
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The overcurrent detection portion 426 1s provided on the
board body 410-1. The overcurrent detection portion 426
detects overcurrents generated 1n the switching elements Q1
to Q6.

The ground potential portion 430-1 1s provided in the
board body 410-1. In the example illustrated 1n FIG. 3, the
ground potential portion 430-1 1s formed 1n an 1nternal layer
of the board body 410-1.

The ground potential portion 430-1 includes a first con-
ductor portion 431-1 (first conductor), a second conductor
portion 432-1 (second conductor), and a third conductor
portion 433-1 (third conductor).

The first conductor portion 431-1 extends from the ground
terminal GND of the power source generation portion 421 to
a first branch portion BR1 (first branch). A branch portion 1s
a point at which a current route branches to individual
components. Accordingly, the point (for example, position
BR2 1n FIG. 3) at which one branch route 1s not electrically
connected to any component 1s not a branch portion. Pret-
crably, the length of the first conductor portion 431-1 1is
made as short as possible. In the example 1llustrated 1n FIG.
3, the first conductor portion 431-1 1s formed by a part of a
through via formed 1n the board body 410-1. In the follow-
ing descriptions, an upstream side means the part close to the
ground terminal GND of the power source generation por-
tion 421 and a downstream side means the part away from
the ground terminal GND of the power source generation
portion 421.

The second conductor portion 432-1 branches at the first
branch portion BR1 and extends to the temperature detection
portion 422. In the example illustrated in FIG. 3, the second
conductor portion 432-1 includes a conductor pattern 432-1a
and a via 432-1b. The conductor pattern 432-1a 1s formed on
a first layer 411, which 1s an internal layer of the board body
410-1. The conductor pattern 432-1a¢ may be, for example,
a solid pattern of copper. The via 432-1b electrically con-
nects the conductor pattern 432-1a to the temperature detec-
tion portion 422. On the downstream side of the first branch
portion BR1, the second conductor portion 432-1 1s electri-
cally connected to only the temperature detection portion
422,

The third conductor portion 433-1 branches 1n the direc-
tion not directed to the second conductor portion 432-1 at the
first branch portion BR1 and extends to the driving portion
424. When branching in the direction not directed to the
second conductor portion 432-1, there 1s no common current
route between the third conductor portion 433-1 and the
second conductor portion 432-1. In other words, the branch
portion BR1 forms a branch portion from the first conductor
portion 431-1 to the second conductor portion 432-1 or the
third conductor portion 433-1. In the example 1llustrated in
FIG. 3, the third conductor portion 433-1 includes the
conductor pattern 433-1a and vias 433-15 and 433-1c¢. The
conductor pattern 433-1a 1s formed on a second layer 412,
which 1s an internal layer of the board body 410-1. The
conductor pattern 433-la may be, for example, a solid
pattern of copper. The positions (located from the top) in the
board body of the conductor pattern 433-1a and the con-
ductor pattern 432-1a are arbitrary. The via 433-15b electr-
cally connects the conductor pattern 433-1a to the driving
portion 424. The via 433-1c¢ electrically connects the con-
ductor pattern 433-1a to the overcurrent detection portion
426. The vias 433-1b and 433-1c¢ are electrically insulated
from the conductor pattern 432-1a.

FI1G. 4 15 a cross sectional view illustrating a comparative
example. In the comparative example, the overcurrent detec-
tion portion, the temperature detection portion, and the
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4

driving portion (sequentially from the upstream side) are
clectrically connected to the solid pattern (the ground poten-
tial portion) of the internal layer of the board body. In such
a comparative example, since the driving portion 1n addition
to the temperature detection portion 1s electrically connected
to the ground potential portion on the downstream side of the
first branch portion BR1, a slight electric potential difference
1s caused 1n a conductor portion 432-0 by the operation of
the driving portion. Since this electric potential difference
causes fluctuations (deviation from O V) of the ground
potential 1n the temperature detection portion, the detection
accuracy of the temperature detection portion may be
degraded. Similarly, such a problem also occurs when the
positions of the overcurrent detection portion and the driving
portion are exchanged in FIG. 4.

To address such a problem, in the example illustrated 1n
FIG. 3, on the downstream side of the first branch portion
BR1, the temperature detection portion 422 1s electrically
connected to the ground terminal GND of the power source
generation portion 421 via the second conductor portion
432-1. In addition, on the downstream side of the first branch
portion BR1, the driving portion 424 and the overcurrent
detection portion 426 are eclectrically connected to the
ground terminal GND of the power source generation por-
tion 421 via the third conductor portion 433-1. Accordingly,
in the example illustrated in FIG. 3, even when fluctuations
of the ground electric potential 1n the third conductor portion
433-1 are caused by the operation of the driving portion 424
or the like, only the fluctuations 1n the first conductor portion
431-1 of such fluctuations aflect the ground potential in the
temperature detection portion 422. This can reduce degra-
dation 1n the detection accuracy of the temperature detection
portion 422.

In addition, in the example illustrated i FIG. 3, the
second conductor portion 432-1 1s electrically connected to
only the temperature detection portion 422 on the down-
stream side of the first branch portion BR1. Accordingly, 1n
the example illustrated 1n FIG. 3, only the temperature
detection portion 422 is electrically connected to the second
conductor portion 432-1 on the downstream side of the first
branch portion BR1. Accordingly, on the downstream side of
the branch portion BR1, components other than the tem-
perature detection portion 422 do not cause fluctuations of
the ground potential 1n the second conductor portion 432-1.
This can reduce degradation 1n the detection accuracy of the
temperature detection portion 422.

In addition, 1n the example illustrated in FIG. 3, since the
conductor pattern 432-1a and the conductor pattern 433-1qa
are formed on internal layers of the board body 410-1, no
restrictions are imposed on the component mounting range
on the surface of the board body 410-1, and the ground
potential portion 430-1 can be achieved without enlarging
the board body 410-1.

FIG. 5 1s a cross sectional view schematically 1llustrating,
an example of the relationship between the power module 70
and the board body 410-1 1in the mounting state.

The board body 410-1 1s preferably disposed so as to face
the power module 70. The disposition so as to face the power
module 70 means that the board body 410-1 and the power
module 70 are arranged in the direction orthogonal to the
surface of the board body 410-1 so as to be superimposed on
cach other i plan view. As illustrated in FIG. 5, the
temperature detection portion 422 1s provided on the surface
of the board body 410-2 opposite to the surface of the board
body 410-1 facing the power module 70. This can reduce
ellects of switching noise from the power module 70 on the
temperature detection portion 422. The power module 70
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includes the switching elements Q1 to Q6. For example, 1n
the power module 70, the switching elements Q1 to Q6,
terminals, the cooling structure, and the like may be inte-
grally formed.

In addition, as illustrated in FIG. 5, the conductor pattern
432-1a 1s preferably formed on the internal layer farthest
from the power module 70 1n the direction orthogonal to the
surface of the board body 410-1. This can reduce eflects of
switching noise from the power module 70 on the conductor
pattern 432-1a (eventually the temperature detection portion
422). In addition, 1n the example illustrated 1n FIG. 5, since
the conductor pattern 433-1a has the function of shielding
switching noise, eflects of switching noise from the power
module 70 on the conductor pattern 432-1a (eventually the
temperature detection portion 422) can be further reduced.

FIG. 6 schematically illustrates the ground potential por-
tion 430-2 of the control board 400-2 1n another example and
1s a plan view 1llustrating the board body 410-2. The control
board 400-2 illustrated i FIG. 6 1s different from the control
board 400-1 illustrated 1n FIG. 3 mainly 1n that the board
body 410-2 1s not a multilayer board. Of components of the
control board 400-2, components substantially the same as
those 1n the control board 400-1 are given the same reference
numerals and descriptions are omitted.

The board body 410-2 1s formed by, for example, a printed
circuit board. The ground potential portion 430-2 1s provided
in the board body 410-2. In the example illustrated 1n FIG.
6, the ground potential portion 430-2 1s formed on the
surface of the board body 410-2. The ground potential
portion 430-2 may be formed by a pattern of printed wiring.

The ground potential portion 430-2 includes a first con-
ductor portion 431-2, a second conductor portion 432-2, and
a third conductor portion 433-2. Similarly, the first conduc-
tor portion 431-2 extends from the ground terminal GND of
the power source generation portion 421 to the first branch
portion BR1. The second conductor portion 432-2 branches
at the first branch portion BR1 and extends to the tempera-
ture detection portion 422. On the downstream side of the
first branch portion BRI1, the second conductor portion
432-2 1s clectrically connected to only the temperature
detection portion 422. The third conductor portion 433-2
branches at the first branch portion BR1 in the direction not
directed to the second conductor portion 432-2 and extends
to the dniving portion 424. The third conductor portion 433-2
1s electrically connected to the overcurrent detection portion
426 1n addition to the driving portion 424 on the downstream
side of the first branch portion BR1.

Also 1n the example illustrated 1n FIG. 6, basically the
same ellects as 1n the above example 1llustrated in FIG. 3 can
be obtained. However, in the example illustrated in FIG. 6,
restrictions are imposed on the component mounting range
on the surface of the board body 410-2. The control board
400-2 may also be disposed with respect to the power
module 70 1n an aspect as illustrated 1n FIG. §5. That 1s, the
board body 410-2 1s disposed so as to face the power module
70 and, at this time, the temperature detection portion 422 1s
provided on the surface of the board body 410-2 opposite to
the surface of the board body 410-2 facing the power module
70. This can reduce effects of switching noise from the
power module 70 on the temperature detection portion 422.

Although embodiments have been described above, the
disclosure 1s not limited to a particular embodiment and may
be modified or changed variously within the scope desig-
nated. In addition, all or a plurality of components in the
above embodiments may be combined.

For example, although the overcurrent detection portion
426 1s provided as an example of a circuit portion other than
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the driving portion 424 1n the above embodiments, another
circuit portion requiring the ground may be provided in
addition to or instead of the overcurrent detection portion
426.

In addition, although the power source generation portion
421, the temperature detection portion 422, the drniving
portion 424, and the overcurrent detection portion 426 are
provided on a single surface of the board body 410-1 (410-2)
in the above embodiments, any of the power source gen-
eration portion 421, the temperature detection portion 422,
the driving portion 424, and the overcurrent detection por-
tion 426 may be provided on the opposite surface of the
board body 410-1 (410-2).

Although a component for controlling the inverter 4 1s
mounted on the control board 400-1 (control board 400-2) in
the above embodiments, the disclosure 1s not limited to the
embodiments. For example, when a DC-DC converter (an-
other example of the power conversion device) 1s provided
between the smoothing capacitor C1 and the battery 2, a
component for controlling the DC-DC converter may be
mounted on the control board 400-1 (control board 400-2)
instead of or 1n addition to the component for controlling the
inverter 4.

In addition, although the internal layer on which the
conductor pattern 433-1aq 1s formed 1s different from the
internal layer on which the conductor pattern 432-1a 1is
formed 1n the example illustrated in FIG. 3, the conductor
patterns 433-1a and 432-1a may be formed on a single
internal layer.

The following examples will be further disclosed with
respect to the above embodiments.

(1)

The control board 400-1 or 400-2 for the power conver-
sion device 4 including the board body 410-1 or 410-2, the
power source generation portion 421 provided on the board
body 410-1 or 410-2, the power source generation portion
421 having the ground terminal GND, the temperature
detection portion 422 provided on the board body 410-1 or
410-2, the temperature detection portion 422 detecting tem-
peratures of the switching elements Q1 to Q6 of the power
conversion device 4, the driving portion 424 provided on the
board body 410-1 or 410-2, the driving portion 424 gener-
ating driving signals driving the switching elements Q1 to
(6, and the ground potential portion 430-1 or 430-2 pro-
vided in the board body 410-1 or 410-2, 1n which the ground
potential portion 430-1 or 430-2 includes the first conductor
portion 431-1 or 431-2 extending from the ground terminal
GND of the power source generation portion 421 to the first
branch portion BR1, the second conductor portion 432-1 or
432-2 branching at the first branch portion BR1, extending
to the temperature detection portion 422, and electrically
connected to only the temperature detection portion 422 on
the downstream side of the first branch portion BR1, and the
third conductor portion 433-1 or 433-2 branching in a
direction not directed to the second conductor portion 432-1
or 432-2 at the first branch portion BR1 and extending to the
driving portion 424,

In the structure described 1n (1), the temperature detection
portion 422 1s electrically connected to the ground terminal
GND of the power source generation portion 421 via the
second conductor portion 432-1 or 432-2 on the downstream
side of the first branch portion BR1. In addition, the driving
portion 424 1s electrically connected to the ground terminal
GND of the power source generation portion 421 via the
third conductor portion 433-1 or 433-2 on the downstream
side of the first branch portion BR1. Accordingly, even when
fluctuations of the ground electric potential in the third
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conductor portion 433-1 are caused by the operation of the
driving portion 424, only the fluctuations 1n the first con-
ductor portion 431-1 or 431-2 of such fluctuations aflect the
ground potential in the temperature detection portion 422.
This can reduce degradation 1n the detection accuracy of the
temperature detection portion 422. In addition, the second
conductor portion 432-1 or 432-2 1s electrically connected to
only the temperature detection portion 422 on the down-
stream of the first branch portion BR1. Accordingly, only the
temperature detection portion 422 1s electrically connected
to the second conductor portion 432-1 or 432-2 on the
downstream side of the first branch portion BR1. Accord-
ingly, on the downstream side of the first branch portion
BR1, components other than the temperature detection por-
tion 422 do not cause fluctuations of the ground potential in
the second conductor portion 432-1 or 432-2. This can
reduce degradation in the detection accuracy of the tem-
perature detection portion 422.

(2)

The control board 400-1 for the power conversion device
4 described 1n (1), in which the board body 410-1 or 410-2
1s a multilayer board, the second conductor portion 432-1 or
432-2 includes the conductor pattern 432-1a formed on the
first layer 411 that 1s an internal layer of the board body
410-1 or 410-2, and the third conductor portion 433-1 or
433-2 includes the conductor pattern 433-1a formed on the
second layer 412 that 1s an 1nternal layer of the board body
410-1 or 410-2, the second layer 412 being different from
the first layer 411.

In the structure described 1n (2), the conductor pattern
432-1a and the conductor pattern 433-1a are formed on
internal layers of the board body 410-1. This eliminates
restrictions on the component mounting range on the surface
of the board body 410-1 or 410-2 caused by the conductor
pattern 432-1a and the conductor pattern 433-1a, thereby
achieving the ground potential portion 430-1 without enlarg-
ing the control board 400-1.

(3)

The control board 400-1 for the power conversion device
4 described 1n (2), 1n which the board body 410-1 1s disposed
so as to face the power module 70 including the switching
clements Q1 to Q6, the temperature detection portion 422 1s
provided on a surface of the board body 410-1 opposite to
a surface of the board body 410-1 facing the power module
70, and the first layer 411 1s an 1nternal layer farther than the
second layer 412 from the power module 70.

In the structure described 1n (3), effects of switching noise
from the power module 70 on the temperature detection
portion 422 can be reduced. In addition, eflects of switching
noise from the power module 70 on the conductor pattern
432-1a (eventually the temperature detection portion 422)
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can be reduced. In addition, since the conductor pattern
433-1a of the second layer 412 has the function of shielding
switching noise, eflects of switching noise from the power
module 70 on the conductor pattern 432-1a (eventually the
temperature detection portion 422) of the first layer 411 can

be further reduced.

The present international application claims priority
based on Japanese Patent Application No. 2014-154635 filed
on Jul. 30, 2014, and the entire contents thereof are incor-
porated herein by reference.

The mvention claimed 1s:

1. A control board for a power conversion device, the
control board comprising;

a board body;

a power source generator provided on the board body, the

power source generator having a ground terminal;

a temperature detector provided on the board body, the
temperature detector detecting a temperature of a
switching element of the power conversion device;

a drive provided on the board body, the drive generating,
a driving signal driving the switching element; and

a ground potential provided on the board body,

wherein the ground potential includes a first conductor
extending from the ground terminal of the power
source generator to a first branch, a second conductor
branching at the first branch, extending to the tempera-
ture detector, and electrically connected to only the
temperature detector on a downstream side of the first
branch, and a third conductor branching 1n a direction
not directed to the second conductor at the first branch
and extending to the drive.

2. The control board for a power conversion device

according to claim 1,

wherein the board body 1s a multilayer board,

the second conductor includes a conductor pattern formed
on a first layer that 1s an internal layer of the board
body, and

the third conductor includes a conductor pattern formed
on a second layer that 1s an internal layer of the board
body, the second layer being different from the first
layer.

3. The control board for a power conversion device

according to claim 2,

wherein the board body 1s disposed so as to face a power
module 1including the switching element,

the temperature detector 1s provided on a surface of the
board body opposite to a surface of the board body
facing the power module, and

the first layer 1s an internal layer farther than the second
layer from the power module.
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